Abstract Predictive testing for Huntington disease (HD) has been available in the United States (US) since 1987, and the Indiana University Predictive Testing Program has been providing this testing since 1990. To date there has been no published description of those who present for such testing in the US. Here we describe demographics of 141 individuals and reproductive decision making of a subset of 16 of those individuals who underwent predictive HD testing between 1990 and 2010 at one site in the US. This study is a retrospective chart review of the "Personal History Questionnaire" participants completed prior to testing. As seen in other studies, most participants were female (64.5 %), in their mid-30s (mean=34), and had at least one child prior to testing (54 %). Multiple demographic datum points are described, and the reproductive decision making of these at-risk individuals was analyzed using Fisher's Exact Tests. Of those women who had children before learning of their risk to inherit HD, those who attended church more frequently, had three or more children total, or whose mother was affected with HD were more likely to be comfortable with their choice to have children. We conclude that these demographic factors influence the reproductive decision-making of individuals at risk for HD. Psychologists, clinical geneticists, and genetic counselors may be able to use this information to help counsel at-risk patients regarding current or past reproductive decision making.
Introduction
Huntington disease is an autosomal dominant, neurodegenerative disorder characterized by progressive movement, cognitive, and psychiatric disorders (Huntington 1872; Sturrock and Leavitt 2010; Walker 2007) . The age of onset of symptoms is typically between 35 and 45, but symptoms have been seen as early as 2 years of age and have started as late as 80 (Huntington's Disease Collaborative Research Group 1993) . The earliest findings of HD, which can begin years before a clinical diagnosis is made, can include problems with executive functions, increased fidgeting, apathy, restlessness, depression, obsessive behaviors, and mild chorea. These symptoms become progressively worse, usually over the course of 15 years or more, until the individual passes away, often from a recognizable infection or pneumonia. Prevalence estimates vary, but HD is thought to affect between seven and ten of every 100,000 Caucasians, with lower prevalences in other ethnicities (Sturrock and Leavitt 2010; Walker 2007) . There is no cure for this devastating condition, although symptomatic management has been shown to improve and delay the progression of disease (Venuto et al. 2012) .
HD is a triplet-repeat disorder caused by an increase in CAG repeats in the HTT gene on chromosome 4 (Huntington's Disease Collaborative Research Group 1993) ; greater than 40 CAG repeats leads to 100 % penetrant HD, 36-39 repeats lead to incomplete penetrance and is designated as the "gray zone," and less than 35 repeats is considered unaffected (Rubinsztein et al. 1996) . Predictive testing programs for HD were initiated in the late 1980's, originally using linkage analysis and progressing to direct gene testing after the gene was discovered in 1993. These programs now can provide information about an individual's risk for developing HD, although the disease severity and onset cannot be predicted with certainty. These testing programs have strict protocols and follow guidelines set out by the United States Huntington's Disease Genetic Testing Group (2003) .
Only between 5 and 10 % of those at risk for HD actually pursue presymptomatic testing (Dufrasne et al. 2011; Walker 2007) . Now that accurate predictive testing has been available for almost two decades (Huntington's Disease Collaborative Research Group 1993) , many predictive testing programs have begun to evaluate the demographics of their populations that present for presymptomatic testing. Published studies include centers in the Netherlands (van der Steenstraten et al. 1994) ; Germany, Austria, and Switzerland (Laccone et al. 1999) ; the United Kingdom (Harper et al. 2000) ; Victoria, Australia (Trembath et al. 2006) ; Mexico (Alonso et al. 2009 ); Montreal, Canada (Dufrasne et al. 2011) ; and Greece (Panas et al. 2011) but not the US. The common findings among these demographic studies are that more females request testing (64 %-54.7 %), with an average age of those requesting testing between 31.6 and 40.4 years. These studies have also found that most people requesting testing already have children (67 %-57 %), and that most have completed high school or some college (64 %-43 %) (Dufrasne et al. 2011; Panas et al. 2011; Trembath et al. 2006; van der Steenstraten et al. 1994) .
A limited amount of research has been done on the reproductive decision making of people who carry an HD gene mutation or who are at 50 % risk of HD. Richards and Rea (2005) found that after receiving their results, there was no difference in the number of pregnancies between those individuals who carried the mutation and those who did not. Decruyenaere et al. (2007) noted that over half (58 %) of those who had positive presymptomatic testing had more children, while only 35 % ceased having children after their positive result. In contrast, Evers-Kiebooms et al. (2002) showed that after a predictive test, carrier individuals were significantly less likely to have more children than individuals who tested negative for the gene mutation. Klitzman et al. (2007) performed a series of interviews with symptomatic and asymptomatic individuals, some of whom had been tested and others who had not. They concluded that, "In making these [reproductive] decisions, individuals weighed numerous, often competing, desires and concerns." Decisions to have children or for prenatal testing are likely very difficult ones for at-risk individuals to make and are not taken lightly by these individuals who understand the implications.
While multiple groups have aimed to describe the reproductive decision making of those at-risk for HD, no research has yet been done on what demographic factors are associated with the reproductive decisions of individuals who present for predictive testing.
The Indiana University Predictive Testing Program was started in 1990 and offers presymptomatic testing for individuals at risk for HD. This testing center is the only one of its kind in the state of Indiana and, with over 20 years of experience in testing, is one of the oldest in the country. The aim of this study is to describe 30 demographic factors of those individuals presenting to our center for testing, including personal, social, and HD-related characteristics. We will then investigate the relationship of many of these demographics to individuals' reproductive decision making, aiming to determine factors that may influence reproductive decisions in those at risk for HD.
Methods

Sample
This study is a retrospective chart review of those individuals who presented for HD predictive testing at the Indiana University Predictive Testing Center between January 1, 1990 and December 31, 2010. Personal History Questionnaires distributed by the psychologist and director of the program were completed by most participants in the program and are the means by which data were extracted.
Instrumentation
Information was obtained through the Personal History Questionnaire, a seven-page, fill in the blank survey given to patients prior to presymptomatic testing. This questionnaire documents information on age, race, gender, family history of HD, marital status, number and ages of children, education level and grades in school, occupation and occupation history, income, who lives in the home, length of time in current residence and number of residences in the last 10 years, personal medical history, insurance status, use of alcohol and illicit drugs, personal and family history of psychiatric treatment and emotional/nervous problems, religion, social involvement in the community, number of close friends, when the risk of HD was discovered, and if decisions would have been changed regarding children if risk had been discovered earlier.
Procedures
This study received approval from the institutional review board (IRB) at Indiana University -Purdue University Indianapolis under the study number 1105-53 prior to the initiation of chart review. The informed consent process was waived by the IRB for this study. Personal History Questionnaires were extracted from patient charts for data entry and analysis by the first author; this process was not audited. Charts found to be without a Personal History Questionnaire were omitted from further analysis.
Data Analysis
The data from these questionnaires were compiled into a Microsoft Access database, and descriptive analysis was completed using Microsoft Excel and SAS version 9.2, SAS Institute Inc., Cary, NC USA. Data are presented as means for continuous variables and proportions for categorical variables. Proportional measures from the Indiana census data were compared to our data using a proportion test with normal approximation, and the Wilcoxon ranked sign test was employed for comparisons of median values. Tests of independence were performed using chi-square and Fisher's Exact Tests. Statistical significance was defined as a P-value less than 0.05.
Results
The total number of predictive tests completed for HD in our center between 1990 and 2010 was 212. One hundred forty one of these individuals fully completed our Personal History Questionnaire. It is impossible to know from this limited chart review which of these individuals continued through our testing protocol and received results, or what their results were; however, the number of individuals receiving testing and the number completing the survey are detailed in Fig. 1 . The year with the most surveys completed (n=17) was 1990, immediately after the predictive testing program opened. Since that time, the number of surveys has varied from year to year, with relative peak years occurring in 1997 (11 surveys) and 2007-2008 (8 surveys) (Fig. 1) .
Demographics
The demographics of the 141 participants are summarized in Table 1 . Of note, nearly 65 % of the individuals completing our survey were women, and nearly half of the participants (47.5 %) were between the ages of 22 and 34. The vast majority of individuals completing the survey were Caucasian (98.6 %). Also, 91.8 % of individuals had health insurance at the time of completing the survey, 74.8 % had life insurance, and 45.2 % had disability insurance.
The social demographics of this population are summarized in Table 2 . Notable results from this table include that just over half (54 %) already had children, while the remaining 46 % did not have children. Also, a slight majority of individuals reported that they attended church never, rarely, or only on holidays (53.7 %), while the remainder (46.3 %) reported attending often or every week.
Lastly, the HD histories of these families are described in Table 3 . Seventy-three individuals filling out our survey had experienced HD by seeing their mother affected (51.8 %), while 64 of the individuals had an affected father (45.4 %) and four were unsure or did not have an affected parent (2.8 %). The average age these individuals learned of their risk was nearly 21 years, and the average age that their parents had exhibited symptoms was just over 41 years of age. For those whose parents had already passed away, their average age of death was 55.7 years of age. Most reported that they had between two and five affected relatives (62.5 %), while 23 individuals (16.9 %) reported that only their parent was affected with HD.
Reproductive Decision Making
In order to evaluate reproductive decision making of the atrisk cohort, we reviewed responses to a series of survey questions regarding when the individual learned of their risk to inherit HD (before or after getting married/having children), and then if they would have changed any of their decisions regarding children if they had known of their risk earlier. The logical progression of these questions is shown as a flowchart in Fig. 2 . A key survey question was, "Do you think you would have had children if you had known of your risk?". This question should only have been answered by those who reported that they were unaware of their risk for HD before they had any children (Fig. 2) .
We were interested in responses to this question from individuals who: a) had one or more children, b) reported to not be aware of their risk for HD before they had any of these children, and c) completed the reproductive decision-making portion of the questionnaire according to directions. Twentytwo individuals met these criteria. Six of these individuals answered that they were unsure whether or not they would have had children if they had known of their risk, despite the only answers available to them on the survey being "yes" and "no." These individuals were omitted from further analysis. This left a sample size of only 16, which limited the power of our study to detect modest effects of the measured responses upon reproductive choices.
In order to determine possible relationships between responses to this question and demographic factors for these specific 16 participants, including personal, social, and HDrelated factors (Tables 1, 2 and 3) , we conducted a series of Fisher's exact tests. Significant relationships were found for frequency of church attendance (p=0.016), number of children (p = 0.018), and which of the participant's parents is/was affected with HD (p=0.025) ( Table 4 ). The Fisher's exact scores for these datum points were 0.034, 0.036, and 0.044, respectively. We found that a greater percentage of individuals who reported they still would have had their children even if they had known of their risk for HD at the time of conception attended church more frequently, had three or more children, and/or had an affected mother. Conversely, a greater percentage of individuals who reported they would not have had any children had they known of their risk attended church less frequently or not at all, had only one or two children, and had an affected father (Table 4 ). The remainder of the datum points analyzed did not correlate significantly with reproductive decision making.
Comparisons
We compared the demographic data of our population (n=141) both to other published populations of individuals seeking predictive HD testing as well as the general population in the state of Indiana (Tables 1 and 2 ). To compare our data to the Indiana population data, we used both proportion tests with normal approximation to the binomial as well as Wilcoxon ranked sign tests.
We found that our population that presented for testing (n=141) is overall similar to other populations of individuals who have pursued predictive testing for HD (Alonso et al. 2009; Dufrasne et al. 2011; Harper et al. 2000; Laccone et al. 1999; Panas et al. 2011; Trembath et al. 2006; van der Steenstraten et al. 1994 ), although we also studied new categories of data that we were unable to compare to other centers. Our proportion of females (64.5 %) was slightly higher than in the Australian, British, Canadian, Eastern European, and Greek groups (57.8 %, 58 %, 57 %, 58 %, and 54.7 %, respectively) (Dufrasne et al. 2011; Harper et al. 2000; Laccone et al. 1999; Panas et al. 2011; Trembath et al. 2006 ), but nearly the same as the Dutch and Mexican findings (64 % and 63 %) (Alonso et al. 2009; van der Steenstraten et al. 1994) . Our average age (34.4) is similar to many other studies that have shown average ages of those requesting testing in their 30s (Alonso et al. 2009; Dufrasne et al. 2011; Harper et al. 2000; Laccone et al. 1999; Panas et al. 2011; van der Steenstraten et al. 1994) . The number of individuals in our group with children (54 %) is somewhat similar, although slightly lower, compared to studies in Australia and Canada, where 67 % and 57 %, respectively, had children (Dufrasne et al. 2011; Trembath et al. 2006) .
We also compared much of our data to the Indiana state census from 2000 or 2010 (Tables 1 and 2 ) (U.S. Census Bureau 2000; 2010). Our population is significantly different from Indiana in that our population has a higher proportion of women and a higher proportion of white individuals than Indiana. The age groups between the two populations are significantly different in that our population has an increased number of younger individuals (18-44) and Indiana has more of the older age groups (55 and older). Our proportion of those never achieving high school graduation (5.9 %) is significantly lower than Indiana's proportion (17.9 %), but the rest of the education levels are consistent between Indiana and our population. The unemployment rate in our population (4.4 %) was not significantly different from the unemployment rate in Indiana in 1999, which was 3.3 %.
In addition, the type of relationship these individuals were in was also similar to the general population in Indiana, with the only discordant relationship status being those who were Fig. 1 Number of individuals who completed the personal history questionnaire during each year of the study period 
Discussion
The purpose of this study was to describe the personal and social demographics, as well as the family histories of HD, of those who presented for predictive testing at our center. We also wanted to better understand how at-risk individuals viewed reproductive decision making in light of their risk for developing HD. Overall, we found these data were similar to other studies analyzing those who presented for predictive HD testing. Our group, similar to other studies, showed a general predominance of females requesting testing, and we had more females present for testing than would be expected based on the general population. Multiple potential reasons for this predominance have been proposed, including that women are more invested in the reproductive decision-making process and the rearing of children, women are more willing to make difficult decisions and deal with the consequences of those choices, and women may be better able to cope with negative results (Simpson et al. 1992; Taylor 2005) . The reason for the predominance of Caucasians in our sample and the significantly increased proportion versus what would be expected in Indiana is most likely due to the fact that HD is primarily a Caucasian disease (Harper 1992) .
Considering the average age of our population, the proportion of people in Indiana with health insurance, and the proportion of our group with chronic health concerns, our population appears over insured. Because these tests were not billed to insurance and individuals were not counseled to have health insurance in place prior to their appointment, the high insurance coverage could indicate concern over the ability to acquire insurance after receiving test results. Although the Genetic Information Nondiscrimination Act (GINA) (2008) now protects against health insurance prejudice, this was not the case before 2008, when most of these predictive tests were completed and when these concerns were more valid. These concerns may have been more likely to influence decision making regarding insurance coverage.
Regarding their family history of HD, more people presented for testing when their mother had been affected with HD than when their father had been affected. The reason for this difference is unknown, but could correspond with the fact that over 55 % of this group learned of their risk for HD before they turned 18. It may be that living in a home with an affected mother may lead one to learn of their risk at a younger age, when the mother is first becoming affected.
Regardless of which parent was affected, the average age that a parent was affected was just over 41 years of age. This age of onset is similar to the average age of onset of HD, which has been found to be around 40 years of age (Foroud et al. 1999 ). These parents' average age of death, if they were deceased, was nearly 56 years, which corresponds to around a 15-year survival rate, similar to the 10 to 20 year survival rate that has been previously reported (Roos et al. 1993) . The vast majority of participants knew of more affected family members than just their parent, which could indicate that individuals were more likely to present for testing when they understood their own extended family history of this condition and had witnessed more than one example of the effects HD can have on an individual. Individuals who understand their risk for HD and the autosomal dominant inheritance pattern of the disease are often faced with the difficult decision of whether or not to have children. There are several factors that influence this decision, and we attempted to quantify some of those factors in this study. First, we found that frequency of church attendance was the strongest factor associated with these individuals being comfortable with their decisions to have children. That is, a significantly greater percentage of individuals who attended church often or every week reported that even if they had known they were at risk when they had their children, still would have had them. Increased religious involvement has been shown to correspond with better coping mechanisms, improved stress control, better quality of life, less psychological distress, and an increased feeling of stability, while decreasing the rates of depression, suicide, anxiety, and substance abuse (Koenig 2009; Puchalski 2001) . Also, higher levels of spirituality in individuals at risk for HD lead them to be more likely to report benefits from a family history of HD and undergoing testing for HD (Williams et al. 2010) . At-risk individuals who attend church more frequently may be more prone to have an optimistic outlook on life and better coping mechanisms, leading them to be at peace with having children who could inherit the lethal condition for which they are also at risk. Further research is needed to investigate this hypothesis.
Another factor that was significant in reproductive decision making was the number of children an individual had. A greater percentage of participants who had three or more children reported they still would have had their children even if they had known of their risk, versus those individuals who had two children or less. This decision could be because those individuals who have three or more children may have been more likely to have decided they wanted many children long before they knew of their risk for HD, and the value they place on having children is a significant part of their identity. Those with fewer children may be more likely to consider the fact that they could have refrained from having children and thereby ceased the disease from spreading into the next generation of their family. These reasons are speculative and warrant further investigation.
Lastly, which parent was affected with HD was significantly related to whether or not those at risk reported they would have still decided to have children. A greater percentage of individuals whose mothers were affected with HD reported they would have decided to have children if they had known of their risk than those whose father was affected. It is known that growing up in a family with HD does not render solely negative effects on a child (Forrest Keenan et al. 2007 ); however, very little research has been done on the effects mothers versus fathers with HD have on the development, coping, and adjustment of their children. It has been shown that, regardless of which parent in a family is affected, frequently both parents in families with HD are dysfunctional (Vamos et al. 2007) , and also that children raised by a parent with HD are less likely to be able to establish close bonds with their own children ( Van der Meer et al. 2006) . More research should be done to investigate gender differences in HD and the role gender plays in the dynamics of families with HD.
Study Limitations
While these data are novel and significant, there are multiple limitations to this study. We asked asymptomatic individuals to decide whether they would have had children if they had known of their risk for HD prior to having children. This decision is obviously not an easy one, and asking people what they would have done has its limitations. There is no way to know what these individuals actually would have done regarding children had they known of their risk earlier in life. This is merely what they reported they would have done. When a person is faced with hypothetical decisions, it is often impossible for them to predict how they will feel, what factors they will consider, and ultimately what decision they will make. Also, we analyzed only those who presented for presymptomatic testing. There is no way of knowing if the demographic factors that reached significance in our sample are the same factors that affect the decisions made by those at risk for HD who do not pursue predictive testing. It is also possible that if our cohort showed symptoms of HD at the time of the survey they would have made different statements about whether or not they still would have had their children.
Along with limitations based on the population of people we surveyed, there were also functional limitations. We had a limited sample size of individuals who presented for predictive testing, who did not know of their risk before they had children, and who filled out the rather complexly worded survey correctly and in its entirety. This left our sample size at only 16. The statistical relationships we report from this exploratory sample in Table 4 (p=0.016 or greater) do not achieve stringent alpha levels consistent with a full multiple comparison correction, but this is not surprising given the sample size available. In addition, there may have been more individuals who felt unsure in response to the question regarding whether or not they would have had children (which would have omitted them from our analysis), but chose either "yes" or "no" because there was no "unsure" option on the questionnaire. Also, because of the low uptake of predictive testing for HD in general, there is no way of knowing if these data are representative of all individuals at risk for HD who had children before learning of their risk. Also, these results were collected from one center in Indianapolis, Indiana. There is a possibility that in other parts of the world, or even in the United States, people would have made their reproductive decisions based on very different criteria than were found in this study.
There is also the possibility that not all of these individuals were fully aware their children were at a 50 % risk of inheriting the condition. Quaid et al. (2010) recently described that those who have children before they know of their risk for HD often do not understand their risk fully until after they have children or have inaccurate information regarding inheritance, either from other family members or an uninformed healthcare provider. This survey was filled out before the individuals received counseling regarding the condition and its inheritance pattern; people may have answered differently if they had been previously unaware of the exact risk to their children.
Research Recommendations
We believe that there is a need for more studies on the factors that influence these individuals' reproductive decisions. Further studies to confirm our tentative findings should include a wider geographical area in order to compare those at risk in different areas of the United States and the world. Also, (6) 4 (67 %) Health/life/disability (7) 1 (17 %)
Frequency of alcohol consumption Never (7) 4 (67 %) 0.152 Once per week or more (9) 2 (33 %) Sex Male (5) 1 (17 %) 0.329 Female (11) 5 ( (2) 1 (17 %) Average grades in school As and Bs (12) 4 (67 %) 0.551 Cs and Ds (4) 2 (33 %) Yearly income b <$40,000 per year (9) 4 (67 %) 0.667 >$40,000 per year (6) 2 (33 %) Age when parent affected with HD c <50 (5) 2 (33 %) 0.690 >50 (9) 4 (67 %) Unsure (1) 0 (0 %) Age when learned of risk for HD <35 (7) 3 (50 %) 0.696 ≥35 (9) 3 (50 %) Number of close friends 1 through 5 (10) 4 (67 %) 0.789 Practice Implications
The implications of this study are twofold. First, it has been demonstrated that knowing some basic demographic information about individuals at risk for HD may aid researchers and medical professionals in deciphering how these patients may be feeling about having children. While individuals should never be stereotyped or assumed to be feeling a certain way, these data may help practitioners to better understand the factors that contribute to an individual's decisions and may also help an individual come to terms with aspects of their life that may have a role in their decision making. Second, while genetic counselors and psychologists should always respect individuals' reproductive decisions, these data further indicate that there are many demographic and social factors that may impact these decisions. These data may help supply healthcare providers with potential questions or issues to consider while they are discussing reproductive decision making with those at risk for HD.
